We assessed population-based trends in incidence and survival rates for epithelial ovarian cancer in Ontario in two time periods. Our population-based study cohort included all women with epithelial ovarian cancer treated initially with abdominal surgery in Ontario for January 1996 through December 2001. Incident surgical cases were documented by hospital contact data and the Ontario Cancer Registry. Patient characteristics (age, for example) were obtained from electronic administrative data records. Regression analyses were used to assess the influence of time period on survival while controlling for age, comorbidity, and other factors associated with this outcome.
INTRODUCTION
Ovarian cancer is the leading cause of gynecologic cancer death in women. Management involves a combination of surgery and adjuvant chemotherapy. Surgery is important for making the diagnosis, identifying prognostic factors, alleviating symptoms, and extending survival. Adjuvant chemotherapy usually involves a combination of platinum and taxanes 1 .
In 2005, we reviewed outcomes in women who had received chemotherapy for ovarian cancer during 1995-2002 2 . We showed that provider discipline and provider's volume of ovarian cancer chemotherapy cases did not affect patient survival. In that work, we noted a trend toward improved survival for the later period of study. In that paper, we suggested that advances in systemic therapy were likely responsible for the observed trend.
The objective of the present study was to analyze and compare trends in the incidence and survival rates for epithelial ovarian cancer among women who received surgery as initial treatment (with or without adjuvant chemotherapy) during 1996-1998 and 1999-2001 . Factors that could influence survival rates were assessed.
PATIENTS AND METHODS

Data Sources and Elements
Our population-based cohort study included all women with newly diagnosed ovarian cancer treated initially with abdominal surgery in Ontario from January 1, 1996, to December 31, 2001. The Canadian Institute for Health Information (CIHI) program gathers all hospital discharge data. The Ontario Cancer Registry (OCR) gathers all malignant histology information related to patients as provided by all Ontario hospital and outpatient laboratories. The CIHI and OCR data were used to identify patients with ovarian cancer (International Classification of Disease code 10, diagnostic code 183).
The CIHI records identified 5240 ovarian cancer patients in the study period. Of these, 1415 were excluded based on a prior ovarian cancer diagnosis between 1988 and December 31, 1995 (n = 18), age less than 18 years (n = 10), surgery completed out of province (n < 5), histology showing low malignant potential disease or other non-epithelial tumour types 3 .
O R I G I N A L A R T I C L E
Ontario is divided into 14 local health integrated networks (LHINs) that implement a regional approach to planning, integrating, and funding local health services. Regional residence of patients (by LHIN) was examined as having a potential influence on survival, as were quintiles of household income by location of the patients' residences, as assigned from Canadian census data matched to the postal code of each patient's residence.
Analysis of data on survival time used the Kaplan-Meier estimation of survival functions and log-rank tests for unadjusted survival time comparisons. The Cox proportional hazards model was used to assess the significance of differences in mortality rates between time periods, adjusting for differences in other predictors of survival between the two time periods. Model diagnostics included assessment of assumptions of the Cox model.
RESULTS
In Ontario, the average number of patients receiving initial surgery for treatment of their epithelial ovarian cancer ranged from a low of 588 cases in calendar year 1997 to a high of 708 cases in 2001. The age-standardized incidence of epithelial ovarian cancer in Ontario was 14 per 100,000 woman-years in both 1996 4 and 2001 5 . This incidence is slightly higher than that reported in Canada in 1996 4 (13 per 100,000) and in 2001 5 (12 per 100,000). Table I presents numbers of patients and observed deaths in the period of follow-up by time period and patient characteristics. Across the two time periods, 2356 deaths were observed (61.6% of the cohort). Using chi-square analysis, the age distribution (p = 0.0002)-but not the Charlson comorbidity score (p = -0.86), income quintile (p = -0.45), or LHIN (p = 0.38)-was observed to be different between the two time periods. The average number of ovarian cancer patients per region (LHIN) ranged from 61 to 429 over the 6-year period (data by LHIN not shown because of small numbers and confidentiality concerns).
Deaths and Proportion Deceased
Death rates were higher in the earlier time period (attributable to longer follow-up). The crude proportion of deaths was also higher among patients with more advanced age and higher Charlson comorbidity score at diagnosis (Table II) . In Ontario, with its socialized medical care system, income quintile and LHIN of residence were not associated with mortality.
Duration of Survival
Univariate analysis by the log-rank test or unadjusted Cox model for survival, using days to death, showed that the earlier time period, advancing age, higher Charlson score, and lower income quintile scores were each statistically significantly associated with a lower duration of survival (Tables III and IV) . Where a patient lived in Ontario (LHIN) did not affect duration of survival; however, the median duration of survival was lowest in the LHIN with the lowest number of cases (that is, in a less densely populated region). The proportional hazards regression model showed that age, Charlson score, and time period for treatment all affected survival (p < 0.0001; Table V) .
After consideration of differences in patient age and comorbidity between the two time periods, expected patient survival was improved in 1999-2001 as compared with 1996-1998. In the more recent period, patients were experiencing 90% of the mortality observed in the earlier time period per follow-up time unit. 
DISCUSSION
Our analysis demonstrates that patient survival after epithelial ovarian cancer was significantly improved in 1999-2001 as compared to that observed in 1996-1998. Our analysis also confirms the importance to survival of comorbidity and age at diagnosis. We observed a shift toward a younger age at diagnosis between the two time periods, but that difference did not explain the improvement in survival.
In a socialized health care system, income strata and geographic region of residence did not affect the death rate. In the univariate analysis, duration of survival was associated with age, Charlson comorbidity score, income quintile, and treatment period. However, only treatment period, age, and Charlson score were important in the regression model. Despite an almost doubling of the age-standardized incidence of ovarian cancer, advances in management have led to an improvement in survival. CURRENT ONCOLOGY-VOLUME 14, NUMBER 2 The age-standardized mortality rates in Ontario for epithelial ovarian cancer remained stable over the two time periods. The observed rates accord with those reported from other developed countries [6] [7] [8] [9] . The decline in the death rate in women who had surgery as the initial step in their management and the improved duration of survival in the later time period reflect either the earlier stage of diagnosis or improved treatment, or both.
Although screening for ovarian cancer is not advocated in Ontario, awareness is increasing among family doctors and patients about the importance of ultrasound and tumour markers such as cancer antigen 125 for women with symptoms suggestive of ovarian masses. Prophylactic surgery is also available for women with known BRCA1, BRCA2, or MSH2 mutations. These manoeuvres provide the potential to identify the disease at an earlier stage. To determine if a stage shift is occurring, the stages of disease between the two time periods might have been compared. But although stage information is available for the earlier cohort, it is not available for the later cohort 10 .
Although not observed directly in the present study, improved standards of care for ovarian cancer are likely to be the explanatory factor for the improved survival seen in the study cohort from the more recent period. During 1994-1995, cancer centres across Canada participated in a randomized trial of platinum with either cyclophosphamide or taxanes (National Cancer Institute of Canada trial OV10) 11 . Results from that study were published in 2000. Subsequently, in September 2001, Cancer Care Ontario's Program in EvidenceBased Care published a practice guideline making platinum and taxanes first-line therapy for advanced ovarian cancer 12 . The use of platinum-taxane therapy was increasing in Ontario before adoption of the guideline. With the training of an increased number of gynecologic oncologists in Ontario from the 1990s onwards, a trend toward more aggressive surgical staging in early disease and tumour debulking for advanced disease may also have been occurring, together with a shift in referrals to gynecologic oncologists. Discipline of the primary surgeon involved in the operation has clearly been shown to affect survival.
The limitations of the present work include the lack of detailed information in the most recent cohort for disease-related variables (for example, stage) and for treatment (for example, chemotherapy agents used) 10 . Thus, our findings of survival benefit based on management strategy are hypothesis-generating only. Age-standardized incidence and mortality rates for ovarian cancer in Ontario have remained stable. For women initially treated with surgery, advances in management are likely to have led to the observed improvement in survival.
